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(54) LONG-FIBER-REINFORCED POLYMER ALLOY RESIN COMPOSITION 

(57) A long-fiber-reinforced polymer alloy resin 
composition (C) prepared by compounding a master 
batch (A) comprising a long fiber reinforcement (a2) 
having a length of 3-30 mm and contained in a polya- 
mide resin (a1) matrix witfi a substantially polymer- 
alloyed resin diluent material (B) prepared by melt- 
kneading 45-20 wt.% of a crystalline polyolefin resin 
(b1) containing a crystalline olefin polymer (b11) modi- 
fied with an unsaturated carboxylicacid (b12) and 55-80 
wt.% of a polyamide resin (b2). In the composition (C). 
the content of the reinforcement (a2) is 10-60 wt.% and 
that of the polyolefin resin (b1) in the resin components 
(a1 , b1 and b2) is 20-45 wt.%. The composition is accel- 
lent in tensile strengUi and particularly in repeated 
impact characteristics. 
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Description 

TECHNICAL FIELD 

5 The present invention relates to a long fiber-reinforced polymer alloy resin composition which is suitable for injec- 
tion molding and is excellent in dispersibiiity of the long fiber reinforcement in the molded article produced therefrom 
and extremely excellent in reinforcing effect exerted by the long fiber reinfbrcenrient. mechanical strength, especially 
tensile strength and f lexural strength, and repeated impact resistance properties. 

w BACKOROUNPART 

The "long fiber-reinforced polyamide resin composition" Is obtained by, for example, impregnating a reinforcing long 
fiber bundle with a molten polyamide resin. Reinforced molded articles obtained from the long fiber-reinforced conpo- 
sition exhibit prominently improved impact resistance as compared with conventional short liber-reinforced molded arti- 

IS cles. The reason is presumably that the long fit>er-reinfbrced composition (pellet) contains reinforcing fibers having a 
length substantially equal to that of the pellet. Because of its excellent properties, the long fiber-reinforced polyamide 
resin composition has been widely spread. 

However, the polyamide resin is desired to be further improved in lightweight properties, hygroscopicity and cost 
performance (because of its high cost), though it has high heat resistance. In addition thereto, the polyamide resin is 

20 unexpectedly brittle when shock is repeatedly given (that is, poor in repeated impact properties), though it is good in 
ordinary impact resistance. Therefore, the use of the polyamide resin composition is specifically limited. 

In this connection. Japanese Patent Laid-Open Publication No. 58458/1985 proposes a composition comprising 
specific modified polypropylene, specific polyamide and a fber reinforcement. It is described in this publication that a 
composition which has heat resistance almost equal to that of polyamide and is highly improved in lightweight proper- 

25 ties, hygroscopicity and cost performance can be otitained according to this invention. However, a means to prepare the 
composition disclosed in the publication is only a method of melt kneading a resin and preliminarily chopped glass fib- 
ers by an extruder or the like. According to the additional tests, molded articles obtained from the composition is entirely 
insufficient not only in the repeated impact resistance properties but also in the impact resistance. 

The present inventors have already invented a novel long fiber-reinforced resin composition, that conprises a resin 

30 matrix of a "polymer alloy" made from a polyamide resin and a modified olefin crystalline polymer prepared by graft 
modification with unsaturated carboxylic acids, particularly, a modified propylene crystalline polymer, to which long fiber 
reinforcement is homogeneously added. According to this invention, there can be obtained a long fiber-reinforced resin 
composition which is excellent in the lightweight properties, cost performance and ordinary impact resistance and 
moreover remarkably improved in the repeated impact resistance. 

35 In the fields where much higher performance is required for the molded articles produced from the long fiber-rein- 
forced composition, however, there is room for inprovement in the dispersibiiity of the long fibers in the molded articles 
thereby to enhance mechanical properties such as tensile strength. Further, the glass fiber reinforcement in the form of 
small bundles remains in the molded articles because of lacking of loosening of bundles, and therefore the molded arti- 
cles sometimes has bad appearance. FurthernrK)re, there remains room tor further improvement in the repeated impact 

40 resistance of the molded articles. 

As another prior art technique, a resin composition comprising a thermoplastic resin containing fibers (first resin) 
and other resin (second resin) having a melting point lower than that of the first resin has been proposed In Japanese 
Patent Publication No. 60780/1993. In this publication, it is described that the second resin is melted prbr to melting of 
the first resin and includes the first resin. Therefore, folding of the fibers is inhibited by the first resin, and as a result, 

45 the molded article can be improved in mechanical strength, rigidity and heat resistance. According to the studies by the 
present inventors, however, the degree of the improvement in the mechanical strength of the molded article is still insuf- 
ficient, though the folding of the fibers in the molded article is undoubtedly improved (reduced). Further, the repeated 
impact resistance is never improved, though the ordinary impact resistance is improved. 

As is apparent from the above, a fiber-reinforced resin composition showing high dispersibiiity of fibers in the 

so molded article and excellent in all of the lightweight properties of the molded article, cost performance, mechanical 
strength and the repeated impact resistance properties has been eagerly desired, but any satisfactory one has not 
been obtained yet. Accordingly, it is an object of the present invention to provide a fiber-reinforced composition excellent 
in these properties. 

55 DISCLOSURE OF THE INVENTION 

Under such circumstances as mentioned above, the present inventors have earnestly studied and found that a 
novel long fiber-reinforced resin composition (0) obtained by blending a master bertch of long f ber-reinforced resin (A) 
containing a polyamide resin (a1) as a resin matrix witii a specific polymer-alloyed resin diluent (B) to tiiereby make the 
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components contained at a specific ratio, is excellent in the mechanical strength of its molded article, such as tensile 
strength, and is prominently excellent in the repeated impact resistance. As a result of further studies by the present 
inventors, the present invention has been accomplished. The present invention includes the following basic structure 
and improved structures 1 to 4. 

5 

[Basic structure] 

A bng fiber-reinforced polymer alloy resin composition (C) ot>tained by blending: 

10 a master batch (A) containing a long fiber reinforcement (a2) having a length of 3 to 30 mm in a resin matrix of a 
polyamide resin (a1); and 

a sut>stantially polymer-alloyed resin diluent (B) obtained by melt kneading 45 to 20 % by weight of a crystalline 
polyolefin resin (b1), said crystalline polyolefin resin (b1) comprising a modified olefin crystalline polymer (b11) 
having been modified with unsaturated carboxylic acids (b12), and 55 to 80 % by weight of a polyamide resin (b2); 
75 in which the amount of the long fiber reinforcement (a2) is in the range of 1 0 to 60 7o by weight, and the amount of 
the crystalline polyolefin resin (b1) in other resin components ((a1}+(b1)+(b2) ) than the long fiber reinforcement 
(a2) is in the range of 20 to 45 % by weight. 

[Improved structure 1] 

20 

The long fiber-reinforced polymer alloy resin composition (C) according to the basic structure, wherein the resin 
diluent (B) is composed of 60 to 75 % by weight of the polyamide resin (b2) and 40 to 25 % by weight of the crystalline 
polyolefin resin (b1). the total amounts of said components (b1) and (b2) being 100 % by weight. 

25 [Improved structure 2] 

The long fiber-reinforced polymer alloy resin composition (C) according to the basic structure and the improved 
structure 1, wherein the long fiber reinforcement (a2) is at least one inorganic fiber selected from the group consisting 
of a glass fiber, rock wool, a metallic fiber and a carbon fiber, and/or at least one fiber selected from the group consisting 
30 of all aromatic polyamide f bers and all aromatic polyester f bers. 

[Improved structure 3] 

The long fiber-reinforced polymer alloy resin composition (G) according to the basic structure, the improved struc- 
35 ture 1 and the improved structure 2, wherein the long fiber reinforcement (a2) is a glass fiber. 

[Improved structure 4] 

The long fiber-reinforced polymer alloy resin composition (C) according to the basic structure and the improved 
40 structures 1 to 3, wherein the resin diluent (B) is composed of 60 to 75 % by weight of the polyamide resin (b2) and 40 
to 25 % by weight of a crystalline polypropylene resin (bl) containing a nxxfified propylene polymer (b1 1), the total 
amounts of said components (b1) and (b2) being 100 % by weight. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

Fig. 1 A is a soft X-ray photograph of an injection molded flat sheet obtained from the long fiber-reinforced polymer 
alloy resin composition of the present invention. 

Fig. 18 is a soft X-ray photograph of an injection moMed flat sheet obtained from a conventional fiber-reinforced 
resin composition. 

so 

BEST MODE FOR CARRYING OUT THE INVENTION 

The long fiber-reinforced polymer alloy resin (C) according to the invention is obtained by blending a spedf ic master 
batch (A) and a specific resin diluent (B). both of which are described in detail hereinafter. 

55 
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[Master batch (A)] 

The master batch (A) (sometimes referred to as "component (A)" hereinafter) used in the invention comprises a 
polyamide resin (a1) as a resin matrix (sometimes referred to as "resin matrix (a1)" or "polyamide resin matrix (a1)" 
5 hereinafter) and a long fiber reinforcement (a2). 

The polyamide resin (al) used as a base of the resin matrix is concretely exemplified as follows. As a matter of 
course, the polyamide resin (al) employable in the invention is not limited to the examples below. 

Ring-opening addition polymerization type resins: polyamide-6. (PA 6), polyamide- 11 (PA 11) and polyamide-12 
10 (PA 12); 

Co-condensation polymerization type resins: polyamide-6,6 (PA 66). polyamide-6,10 (PA610). polyamide-6.12 (PA 
612) and MXD 6 (prepared from m-xylenediamine and adipic acid); 

Composites (Hybrids) of the above resins, such as polyamide-6/polyamlde-6.6 co-condensate; and 
mixtures of the above resins. 

15 

Of the atK>ve resins, preferred polyamide resins (nylons) are polyamide-6 and polyamide-6.6 from the viewpoint of 
good balance between heat resistance and mechanical strength. For uses where compatibility with the later-described 
resin diluent (B) and low water absorption property (water resistance) are regarded as important, polyamide-1 1 , polya- 
mide-12, polyamide-6. 10. polyamide-6. 12 and MXD 6 are preferred. For uses where heat resistance (heat distortion 
20 temperature) Is regarded as important. MXD 6 is optimum. 

As the long fiber reinforcement (a2) which is blended with the resin matrix (al) to allow the long fiber-reinforced 
resin composition of the Invention to have excellent tensile strength and repeated impact resistance, various fibers 
described below can be properly enployed. That is. any of inorganic fibers and organic fibers may be used as the long 
fibers of the long fiber reinforcement (a2). Examples of the inorganic fibers include glass fiber, rock wool, metallic fiber 
25 and carbon fiber. Examples of the organic fibers include all aromatic polyamide fibers (e.g., Aramid (trade name)) and 
all aromatic polyester fibers (e.g.. Kevler (trade name)). 

These long fibers can be used in the form of monofilament, but in many cases they are used in the form of roving 
or end obtained by bundling a large number of monofaaments using a binder. 

The glass long fiber, that is most generally used as the reinforcement among the above-mentioned long fibers, is 
30 described below. Also other long fibers can be used in a similar manner to that of the glass fiber except the special 
cases. 

The glass long fiber reinforcement employable in the invention may be an ordinary glass roving, that is supplied to 
reinforce resins. The roving suitably used in the invention has a meant iber diameter of 6 to 30 ^m and a bundle of 500 
to 6.000 monofilaments, and preferably has a mean fiber diameter of 9 to 23 urn and a bundle of 1 .000 to 4.000 mono- 

35 filaments. Two or more off the glass rovings doubled may be used depending on the uses. The length of the fibers in the 
long fiber-reinforced pellet (A) used in the invention becomes almost equal to the length of the pellet, because the long 
fiber-reinforced pellet is obtained by cutting a reinforced strand which is formed by pultruslon of an endless fiber bundle. 

For preparing the master batch (A) composed of the resin matrix (al) and the long fiber reinforcement (a2), that is. 
a long fiber-reinforced resin composition which contains the resin matrix (al) in a higher concentration than the final 

40 concentration, the following processes (or apparatuses) known as "pultruslon processes (or apparatuses)" can be 
employed without limitation. 

A molten polyamide resin (al) and a long fiber reinforcement (a2) of roving type (long fiber bundle) are fed to a 
aosshead die in such a manner that the feed direction of the long fiber reinforcement crosses the direction of the molten 
polyamide resin (al). The long fiber reinforcement (a2) is then allowed to meander through plural bamers or metallic 

45 bars which are arranged in parallel with each other and at regular intervals from each other along the flow path of the 
long fiber reinforcement (a2). The long fiber reinforcement (a2) Is loosened when it is brought into contact with the bar- 
riers or the metallic bars, and the fibers thus loosened are impregnated with the molten resin, followed by taking up the 
resultant strands. After cooling, the strands are pelletized into pellets having a length of 3 to 30 mm. preferably 6 to 25 
mm. more preferably 9 to 20 mm. The length of the pellet is equal to the length of the long fiber reinforcement (a2). as 

so described atx)ve. 

It is prefen-ed to avoid use of extremely short pellets, i.e.. reinforced pellets having a mean pellet length of less than 
3 mm. The reason is that the degree off improvement of the molded articles formed from the pellets having a mean 
length of less than 3 mm is small in any of the mechanical strength, impact resistance and repeated impact resistance 
properties. Also the use of extremely long pellets having a mean pellet length of more than 30 mm is preferably avoided. 
55 because wh n they are used, bite of the screw into the pellets having been fed through the hopper tends to lower in the 
ordinary injection molding machine and moreover, separation between the pellets and the diluent resin often takes 
place in the hopper. 
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[Resin diluent (B)] 
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The crystalline polyolefin resin (b1) comprises a modified olefin crystalline polymer fblD In the invpntinn 
entire crystalline polyolefin resin (b1) may be the modified olefin crystalline polymer (^TT) ' 

carhl"v!;!^'l?*^"- J*"^ '''y^'""* P^'y'"^' ^) ''^ substantially modified with an unsaturated 

caitooxylic aad or its anhydride or derivative (sometimes generically referred to as "unsaturated rarboxvHc aS" i^iT 

rated caitoxylic acids may be a single substance of a modified propylene cr^talline polymer obtain«« bVaSr^n 

arunir:rcrr:x:w^^^^^^^^ 

prc^npyl?^™-^^^^^^^^ 

ymer used as a starting material of the modified crystalline olefin polymer (b 11) or uSTfJe unn^if^ oS 

""^ErrX^^r S^^^ "^r^y^ - « '^^^^"-e coilymer of ^ more S 

«cid ^ unsaturated carboxylic acds serving as modifiers include at least one of acrylic acid methacrWic 

acid, maleic ac«l, rtacomc aad. tetrahydrophthalic add. no*ornenedica*oxylic add and at least oi4^anhSrS^ o« 
^T^r^ "^"^ tetrahydrophthaKc X^e aJd^^en^^^J.?vlic 

anhydride. Of these, maleic anhydride is most preferred from the viewpoint of piscal pScJS^^ D^iSttS S 

In the resin diluent (B). any modified olefin crystalline polymer (b1 1) may be used so long as it is substantiallv 
mf^Tv LTt^ tL!:: fJ^'""'"" (b1) so as to be polymer-alloyed 'rhe modifiS Sin crysJlH^S 
S pS^.^ ""^"^'""^ ^ "^^'^ ^ unsaturated cartx>xyLSs manTe 

afor^d graft modrfied olefin aystalline polymer. e.g.. an ionomer resin, or it may be a polymer h^ingTr^awSon to 

r.?s?ZaXTrrx;:gZ"'"^°""^"^ 

In the modified olefin crystalline polymer (b1 1) in the invention, the units of the unsaturated caiboxvlic acids ^moH 

tainoJ in an amount of usually 0.01 to 1 % by weight, preferably 0.05 to 0.5 % by weight 

As the pol)«inide resin (b2) used for forming the resin diluent (B). various polyamides exemplified above for ih« 

In the presait invention, the crystalline polyolefin resin (bl) and the polyamide resin (b2) are melt kneaded to ^..h 

rpnrlU STpT^""? i*^'*^*^ *® polypropylene molecules are not extracted and still remain owing to occur- 
rence of the chemical linkage between the polypropylene molecules and the polyamide mol4les ^iToth^ 

ified propylene crystalline polymer comes to be hardly extracted H"y«"""ueiesin.inemoa 

tallinI?oSSrr'21n''Jfi wf ^^ir P^^"^-""* P^«=^ '^'^"^^3 melt kneading the crys- 

telhne polyo efin resin (bl). the unsaturated caiboxylic acid (preferably maleic anhydride) as the modifier and the o^S^^- 
Sfi^lTJ *° ^^^"^^^ «"kage between the modified polyo^Tn cr^Se Si 

Of 2^T^T^ t'r:""" ^^^^^y^^^^^ Pdypropylene resin (bl) is containe^preferTbTyTnTn 

of 20 to 45 %by weight. The amount of not more than 15% by weight should be avoided because the ^01^1^!^^^ 
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mer-arC?i^ SntTew'^f T^Jk" °' '^'^"'""^ PCypropylene resin (bl) contained in the poly- 

mer alloyed resin diluent (B) exceeds 45 % by weight should be also avoided, because the mechanical stronnth aJi thl 

b?c^ X'^th'^^^e'dS^^lTr " °' SHaiS^nT inr^ 1' 

Decwnes within the range defined by the invention. That is, even if the amount of the convonent (M) in the final ~m 
pos*on IS witWn me range defined by the invention, the fact that the amount j le^^^^S^^e ^l^l 
IS more than 45 % by weight means that the amount exceeds 50 % by volume. ^^yP"=^^^ 'asm (bl) 
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As a result, it Is presumed that the crystalline polypropylene resin (b1) contributes to the matrix phase and the 
polyamide resin [(a1 }-f-(b2)] contributes to the disperse phase to form two phase (sea-island) structure consisting of an 
island of the polyamide resin In the polypropylene resin matrix. For this reason, the melting point of the polymer-alloyed 
resin diluent (B) becomes equal to the melting point of the crystalline polypropylene resin (b1) which forms the resin 

5 diluent, and consequently folding of the long fibers can be undoubtedly inhibited in the molding process as described 
in Japanese Patent Publication No. 60780/1993. 

However, the above-mentioned component ratio makes it difficult to prepare a uniform polymer alloy from the polya- 
mide resin (a1 ) serving as the resin matrix in the master batch, the polyamide resin (b2) for forming the resin diluent (B) 
and the modified propylene aystalline polymer (b1 1). so that the molded article obtained from the final composition (c) 

10 is hardly improved in the mechanical strength and the repeated impact resistance properties. 

[Long fiber-reinforced polymer alloy resin composition (C)] 

The long fiber-reinforced polymer alloy resin composition (C) of the invention is prepared by diluting the master 
IS batch (A) with the polymer-alloyed resin diluent (B). Specifically, the composition (C) can be prepared by dry blending 
pellets of the both components. Further, it is also possible that the strands of the master batch (A) formed by the afore- 
said puttrusion are coated with the polymer-alloyed resin diluent (B) by means of extrusion coating and then peltetized. 

The dilution should be carried out in such a manner that the amount of the fiber reinforcement (a2) contained in the 
final composition (C) is in the range of 10 to 60 % by weight and the amount of the crystalline polypropylene resin (b1) 
20 contained in other resin components [ (a1 )+(b1 )+(b2) ] than the fiber reinforcement (a2) in the final composition is in the 
range of 20 to 45 % by weight. If the amount of the crystalline polypropylene resin (b1) is not more than 17 % by weight 
(Comparative Example 7) or more than 45 % by weight, the mechanical strength and the repeated impact resistance 
are lowered. Therefore, such case should be avoided. It is unfavoratsle that the amount of the fiber reinforcement (a2) 
is not more than 5 % by weight, because satisfactory reinforcing effect cannot be given to the molded article (Compar- 
es ative Example 6). It is also unfavorable that the amount of the fiber reinforcement (a2) is not less than 70 % by weight, 
because the reinforcing effect given to the molded article gets saturated, resulting in economical disadvantages. More- 
over, the amount of the crystalline polypropylene resin (b1) is relatively reduced, resulting in lowering of the repeated 
impact resistance properties. 

For molding the long fiber-reinforced polymer alloy resin composition of the invention into various articles, injection 
30 molding is optimum. In the injection molding, a screw having L/D (ratio of screw length (L) to screw diameter (D)) of 
about 8 to 25 and a compression ratio of about 1 .5 to 2.5 is used. 

According to the injection molding under the above conditions, the aimed effects of the present invention can be 
sufficiently attained, that is. the long fibers can be highly dispersed in the molded article, and the molded article can be 
sufficiently improved in the tensile strength and the repeated impact strength (impact times in the durability test). 

35 

EXAMPLE 

(1) Dispersibility of long fibers in molded article 

40 The resin composition was injection molded into a flat sheet, and the state of long fibers dispersed in the flat sheet 
was ot^served by means of soft X rays. The results are classified into the following groups. 
AA (good): The long fibers are well dispersed and no bundle of long fibers is found. 
BB (bad): The long fibers are locally present and a large number of long fiber bundles are found. 
Figs. 1 A and 1 B are copies of typical ptiotographs showing the state of the long fibers practically dispersed in the 
45 molded article. Rg. 1 A is a soft X-ray photograph of a molded article produced from a composition of the invention, that 
is classified to be good in the dispersibility. Fig. 1 B is a soft X-ray photograph of a molded article produced from a com- 
position of each comparative example, that is classified to be bad or a little bad in the dispersibility. 

(2) Tensile strength 

so 

The tensile strength was measured in accordance with JIB K-71 13. In this test, a specimen of JIS No. 1 was used. 

(3) Repeated impact resistance properties 

55 An Izod test specimen described in JIS K-71 10 was set on an Izod impact tester. To the specimen, a hammer of 40 
1^ was repeatedly brought down at an angle of 75 degrees until the specimen was broken, and the number of times of 
bringing the hammer down until the specimen was broken was counted. 
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(4) Resin flow starting temperature 

Measuring apparatus: Shimazu flow tester CFT-500 type 
Measuring method: uniform rate heating method 
5 Measuring conditions: heating rate = 3 ''C/min. load = 100 Kgf, UD of die = 10/0.5 

(5) Confirmation of chemical linkage formation 

As for the resin diluent pellets (B). whether the chemical linkage was formed or not was ascertained by a boiling 
10 xylene extraction method. That is, the sample pellets of 5 g were extracted with boiling xylene and the extraction residue 
was measured. Judgment of the chemical linkage formation was made based on the following two criteria. The mixing 
ratio of the polyamide resin described below means a value expressed by (b2)/{(bl)-i-(b2)} . 

No chemical linkage exists: when the residue is almost the same as the mixing ratio of the polyamide resin. 
Chemical linkage exists: when the residue is larger than the mixing ratio of the polyamide resin by not less than 10 
15 % by weight. 

Examples 1 - 4. Comparative Examples 1 and 2 

Into a crosshead die equipped on the tip of an extruder, a molten polyamide resin (a1) as a resin matrix and a glass 
20 long fiber roving as a bng fiber reinforcement (a2) were introduced to produce strands by pultrusion in which the fiber 
bundle of the roving was loosened into fibers and the fibers were impregnated with the molten resin in the die. The 
strands were cut into pellets having a mean length shown in the following tables, to obtain long fiber-reinforced pellets. 
The long fiber-reinforced pellets (A) thus obtained were nnaster batch pellets (A) wherein 80 % by weight of the glass 
long fibers were contained in PA 6. 
25 In the above preparation of the master batch pellets (A), PA 6 (trade name: CM 1007, available from Toray Indus- 
tries, Inc.) was used as the polyamide resin (a1). and a glass long fiber roving (a2} (mean single fiber diameter: 17 jjni, 
nunrtber of filament in strand: 4,000, tex yarn nunrtber count: 2.31 Og/km. available from Nippon Electric Glass Co., Ltd.) 
was used as the long fiber reinforcement (a2). 

Separately, into an extruder were introduced a modified propylene crystalline polymer (b1 1) obtained by graft reac- 
30 tion with maleic anhydride (b1 2) (amounts of maleic anhydride units: 0.3 % by weight (= 0.06 meq)) and the aforemen- 
tioned PA 6 (b2) in a given ratio shown in the following t^les, and they were melt kneaded in the extruder at 250 ""C to 
substantially form chemicai linkage therebetween, so as to obtain a polymer-alloyed resin diluent (B). The resin diluent 
(B) was extruded and cut into a given length. Thus, glass long fiber-reinforced pellets (mean length: 3 mm) were pre- 
pared. 

35 Then, 50 % by weight of the former and 50 % by weight of the latter were dry blended, and the blend was injection 
molded at a temperature of 250 ""C by means of an injection molding machine (L/D: 20. compression ratio: 1 .8), to pre- 
pare flat sheets and other various test pieces (specimens). The results are set forth in Table 1 . 

Examples 5 and 6. Comparative Examples 3 - 8 

40 

A final composition (C) was prepared in the same manner as in Example 1 except that the amounts of the polya- 
mide resin (a1) used as the resin matrix and the glass long fiber reinforcement used as the fiber reinforcement (a2) in 
the resin master batch (A) reinforced with the glass long fiber reinforcement (a2), the mean length of the master batch 
pellets, the ratio of the polyamide resin (b2) to the crystalline polypropylene resin [(b1)+(b1 1)] in the polymer alloy dtlu- 
45 ent (B). and the mixing ratio between ttie resin master batch (A) and the polymer alloy diluent (B) were varied to those 
shown In the following tables. The final composition (0) was mokied into specimens in the same manner as in Example 
1. which were evaluated in the same manner as in Example 1. The results are set forth in Table 2. though only the 
results in Comparative Example 8 are set forth in Table 3. 

so Example 7 

Into an extruder were introduced 10 % by weight of the modified propylene crystalline polymer (b1 1) otstalned by 
graft reaction with maleic anhydride, 20 % by weight of a unmodified polypropylene resin (b1) and 70 % by weight of 
the same PA 6 (b2) as used in Example 1 . and they were melt kneaded in the extruder, to obtain a polymer-alloyed resin 
55 diluent (B). A f inal composition (C) was prepared in the same manner as in Example 1 except that the polymer-alloyed 
resin diluent (B) was used in the form of pellets. The final composition (C) was molded into specimens in the same man- 
ner as in Example 1 , which were evaluated in the same manner as in Example 1 . The results are set forth in Table 3. 
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Example 8 



Specimens were prepared in the same manner as in Example 1 except that both the resin master batch (A) rein- 
forced with the long fibers and the polymer-alloyed resin diluent pellets (B) were prepared by the use of PA 66 (trade 
5 name: CM3007, available from Toray Industries, inc.) as the polyamide resin (a1). The specimens were evaluated in the 
same manner as in E)ampte 1 . The results are set forth in Table 3. 

Comparative Example 9 

10 Into an extruder having a first hopper as an ordinary hopper and a second hopper which was provided on the ban-el 

in order to feed a filler, a mixture of a modified propylene aystalline polymer (b1 1) obtained by graft reaction with maleic 

anhydride and the same PA 6 (a1) as used in Example 1 [mixing ratio: 22A78 (the tormer/the latter. % by weight)] was 

introduced through the first hopper. 

Through the second hopper, chopped glass strands (mean single fiber diameter: 13 mean length of chopped 
IS strands: 3 mm. available from N^pon Electric Glass Co.. Ltd.) were introduced. The contents in the extruder were melt 

kneaded and extruded into strands. The strands were then cut to obtain reinforced pellets having a mean length of 3.5 

mm (containing 40 % by weight of the glass fiber reinforcement). 

The mean length of the fiber reinforcement remaining in the reinforced pellets was measured, and it was 0.68 mm. 

Using the reinforced pellets, specimens were prepared in the same manner as in Example 1 except that the pellets 
20 were not subjected to dilution with a diluent. The specimens were evaluated in the same manner as in Example 1 . The 

results are set forth in Table 3. 

Comparative Example iq 

25 Into the same extruder as used in Comparative Example 9. the same PA 6 (a1) as used in Example 1 was intro- 
duced through the first hopper and the same chopped glass strands (a2) as used in Comparative Example 9 were intro- 
duced through the second hopper. The contents in the extruder were melt kneaded and extnxled into strands. The 
composite strands thus obtained were cut to prepare master batch pellets (A) having a mean length of 3.5 mm. This 
master batch pellets (A) were polyamide resin (a1) pellets containing 60 % by weight of the glass fiber reinforcement. 

30 The mean length of the fiber reinforcement remaining In the master batch pellets (A) was measured, and it was 0.85 
mm. Then, with 65 % by weight of the master batch pellets (A), 33 % by weight of the same diluent pellets (B) as used 
in Example 1 was dry blended, and the amount of the glass fiber reinforcement in the final composition (C) and the 
amount of the crystalline polypropylene resin [(b1)+(b2)] in the final resin conrponent were adjusted to the same values 
as in Comparative Example 9. The final composition (C) thus obtained was injection molded in the same manner as in 

35 Example 1 to prepare flat sheets and other various test pieces (specimens), which were evaluated In the same manner 
as in Example 1 . The results are set forth In Table 3. 

[View on the experimental results] 

40 In Examples 1 to 8 according to the invention, the dispersibility of the fiber reinforcement (a2) in the resulting 

molded articles was good, and the molded articles were excellent in the repeated impact resistance properties as well 

as in the tensile strength (see: Tables 1, 2 and 3). 

In Comparative Example 1 . the ratio of the modified propylene crystalline polymer (b1 1) to the resin diluent (B) was 

too small, and also the amount of the modified propylene crystalline polymer (b11) contained in the final composition 
45 (C) was too small. The molded articles were poor in the repeated impact resistance properties, though the tensile 

strength thereof was improved (see: Table 1). 

In Comparative Example 2, the ratio of the modified propylene crystalline polymer (b1 1 ) to the resin diluent (B) was 

too large, and the resulting molded articles were unsatisfactory in both the tensile strength and the repeated impact 

properties (see: Table 1). 

so In Comparative Example 3. only the modified propylene crystalline polymer (b1 ) (not polymer-alloyed) was used as 
the resin diluent (B), and the resin diluent (B) having a melting point tower than that of the first thermoplastic resin (A) 
was combined with the resin (A). Though the final composition had a component ratio within the range d^ined by the 
invention, the resulting molded articles were unsatisfactory in ksoth the tensile strength and the repeated Impact resist- 
ance properties (see: Table 2). 

55 In Comparative Example 4. a master batch (A) of a long fiber-reinforced resin was prepared by the use of the mod- 
ified propylene crystalline polymer (b11) as the resin matrix (a1), and to the master batch (A) was added a polyamide 
resin (b2) as the diluent (B). Though the final composition (C) had a component ratio within the range defined by the 
invention, the resulting molded articles were not inproved at all In both the tensile strength and the repeated impact 
resistance properties (see: Table 2). 



j 



EP 0 737 706 A1 



In Comparative Example 5. the pellet length of the master baXdt\ (A) was too long. In the hopper of the molding 
machine, separation between the master batch pellets (A) of the long fiber-reinforced resin and the resin diluent (B) took 
place, and hence there was found large variability among the resulting molded articles, that is, molded articles of uni- 
form quality were not obtained (see: Table 2). 
5 In Comparative Example 6, the amount of the glass bng fiber reinforcement (a2) contained in the final composition 
(C) was too small, and the resulting molded articles were poor in each of the tensile strength and the repeated inrpact 
strength (see: Table 2). 

In Comparative Example 7, the amount of the glass fiber reinforcement (a2) contained in the final composition (C) 
was too large. Though the resulting molded articles showed high tensile strength, they were low in the repeated impact 
10 strength because the amount of the modified propylene crystalline polymer (b1 1) In the final composition (C) was too 
small (see: Table 2). 

In Comparative Example 8, the long fiber-reinforced resin was prepared by using, as a matrix (= master batch (A)), 
a polymer alloy resin obtained by melt kneading PA 6 (al) and the modified propylene crystalline polymer (bl 1) pre- 
pared by the graft reaction with maleic anhydride. In this example, any resin diluent (B) was not used. Though the com- 
15 ponent ratio of the final composition was within the range defined by the Invention, the dispersibillty of the fiber 
reinforcemerrt (a2) in tiie molded articles was poor, and the molded articles did not exhibit aimed tensile strength (see: 
Table 3). 

In Comparative Example 9, the specimens were prepared by the use of the same matrix as in Comparative Exam- 
ple 8 except for using the short fibers as the glass fiber reinforcement. The specimens were inferior to the specimens 
20 prepared from the final composition (C) of the invention in each of the tensile strength and the repeated impact resist- 
ance properties (see: Table 3). 

In Comparative Example 10, the polymer-alioyed specific resin diluent (B) according to the invention was added to 
the master batch (A) obtained by the use of short fibers as the fiber reinforcement. However, the resulting specimens 
were not improved at all in each of the tensile strength and the repeated impact strength as compared with those of 
25 Comparative Example 9 (see: Table 3). 
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Table 1 



5 


Experiment No. 


Example 


Comparative 
Example 




Content of Experiment 


1 


2 


3 


4 


1 


2 


10 


Amount of GF in final 
composition {wt%) 


40 


40 


40 


40 


40 


40 




Amount of PP in final 
resin (wt%) 


25 


33 


33 


33 


13 


42 


15 


Ratio of master batch (A) 

(wt%) 


50 


50 


50 


50 


50 


50 


(al) Matrix resin (wt%) 


PA6 
20 


PA6 
20 


PA6 
20 


PA6 
20 


PA6 
20 


PA6 ' 
20 


SO 


(a2) GF (Amount (wt%) 

(Mean length (mm) 


80 

1 0 


80 
i u 


80 
a 

D 


80 
zo 


80 
1 u 


80 


Ratio of resin diluent 


50 


50 


50 


50 


50 


50 


25 


PP [ (bl) + (bll) ] ratio (wt%) 
PA^b21 ratio ^wt%) 

Polymer-alloying 

(exist or not) 


30 
70 

exist 


40 
60 

exist 


40 
60 

exist 


40 
60 

exist 


15 
85 

exist 


50 
50 

exist 


30 


Flow starting temperature 
(^^C) ((al) 
((B) 


236 
236 


236 
236 


236 
236 


236 
236 


236 
236 


236 
181 




Fiber dispersibility in 
molded article (-) 


AA 


AA 


AA 


AA 


AA 


AA 


35 


Tensile strength of 
molded article (MPa) 


274 


272 


270 


275 


279 


193 


40 


Repeated impact 
resistance property of 
molded article 

(number of times) 


144 


123 


105 


141 


32 


31 



FG: glass fiber reinforcement 



45 



so 



10 
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Table 2 



5 


Experiment No . 


Examole 


Comparative 
Examole 




Content of Experiment 


O 


/* 

0 


3 


4 


5 


6 


7 


10 


Amount of GF in final 
comoosition (wt%) 


15 


56 


40 


42 


40 


5 


70 




Amount of PP in final 
resin (wt%) 


29 


27 


33 


31 


33 


35 


17 


15 


Ratio of master batch 
(A) (wt%) 


38 


70 


80 


60 


50 


17 


87 




(al) Matrix resin (wt%) 


PA6 
60 


PA6 
20 


PA6 
50 


PA6 
30 


PA6 
20 


PA6 
70 


PA6 
20 


20 


(a2) GF (Amount (wt%) 
(Mean length 
(mm) 


40 
10 


80 
10 


50 
10 


70 
10 


80 
35 


30 
10 


80 
10 




Ratio of resin diluent 
(o) (Wt-s) 


62 


30 


20 


40 


50 


83 


13 


25 
30 


PP [ (bl) + (bll) ] ratio 
(wt%) 

PA(b2) ratio (wt%) 
Polymer-alloying 

(exist or not) 


40 
.60 
exist 


40 
60 
exist , 


100 

not 
exist 


100 

not 
exist 


40 
60 
exist 


40 
60 
exist 


40 
60 
exist 


35 


Flow starting 
temperature 

CO ((al) 
MB) 


236 
236 


236 
236 


236 
181 


181 
236 


236 
236 


236 
236 


236 
236 




Fiber dispersibility in 
molded article (-) 


AA 


AA 


AA 


AA 


AA 


AA 


AA 


40 


Tensile strength of 
molded article (MPa) 


149 


284 


200 


159 




52 


271 


45 


Repeated impact 
resistance property of 
molded article 

(number of times) 


74 


147 


12 


10 




1 


43 



FG: glass fiber reinforcement 



so 
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Table 3 



Experiment No . 


Example 


Comparative 
Exaunnple 


Content of Exoeriment 


7 


8 


8 


9 


10 


Amount of GF in final 
composition (wt%) 




/I A 




n U 




AIuOunL. or ftr ±11 j-XitciJ. 

resin (wt%) 


25 


33 


33 


22 


22 


Ratio of master batch (A) 

(wt%) 


50 


50 


100 


100 

(short) 


67 

(short) 


(al) Matrix resin (wt%) 


PAS 20 


PA66 
20 


PA6, ME>P 
ALY 60 


PA6, MPP 
ALY 60 


PA6 
40 


(a2) GF (Amount (wt%) 

(Mean lenath (mm) 


80 
10 


80 
10 


40 
10 


40 
0.88 


60 
0.85 


Ratio of resin diluent 
(B) (wt%) 


50 


50 


- 


- 


33 


PP [ (bl) + (bll) ] ratio (wt:%) 
PA(b2) ratio {wt%) 

(exist or not) 


J u 
70 

exist 


A(\ 
H U 

60 
exist. 


not 
exist 


not 
exist 


40 
60 

exist 


Flow starting temperature 
CO ((al) 
( (B) 


236 
236 


277 
277 


236 


236 


236 
236 


Fiber dispersibility in 
molded article (-) 


AA 


AA 


BB 


AA 


AA 


Tensile strength of 
molded article (MPa) 


273 


271 


167 


153 


155 


Repeated impact 
resistance property of 
molded article 

(number of times) 


138 


125 


42 


3 


2 



GF: glass fiber reinforcement ALY: polymer alloy 

MPP: modified propylene polymer Short: short fiber 

reinforcement 



FFFECT OF THE INVENTION 

The effects of the long fiber-reinforced resin composition (C) according to the present invention are described 
below. 

(1) The long fiber reinforcement exhibits high dispersibility in the molded article, and hence the molded article is 
prominently good in both the tensile strength and the repeated impact strength. 
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(2) Because of its excellent mechanical strength and repeated infipact resistance properties, the long fiber-rein- 
forced resin composition (C) of the invention can be favorably used lor various industrial parts such as vehicle parts 
(e.g., automobile parts such as bumper, wheel cap and under cover), impellers of outdoor fans or cooling towers, 
and electric power tool parts. 

5 (3) According to the Injection molding method, the aimed effects of the invention, that is, uniform dispersibility of the 

long fibers in the molded article and improvements in the tensile strength and the repeated impact resistance prop- 
erties (Impact times in the durability test) of the molded article can be all realized to a high degree. 

Claims 

10 

1 . A long fiber-reinforced polymer alloy resin conposition (C) obtained by blending: 

a master batch (A) containing a long fiber reinforcement (a2) having a length of 3 to 30 mm in a resin matrix 
(a1) of a polyamide resin, and 

15 a substantially polymer-alloyed resin diluent (B) obtained by melt kneading 45 to 20 % by weight of a crystalline 

polyoiefin resin (b1), said crystalline polydefin resin (b1) containing a modified olefin crystalline polymer (b1 1) 
having been substantially modified with unsaturated carboxylic acids, and 55 to 80 % by weight of a polyamide 
resin (b2); 

in which the amount of the long fiber reinforcement (a2) is in the range of 10 to 60 % by weight, and the amount 
20 of the crystalline polyoiefin resin (b1) in other resin components ((a 1)+(b1)+(b2) ) than the long fiber reinforce- 

ment (a2) is in the range of 20 to 45 % by weight. 

2. The long fiber-relnfbrced polymer alloy resin composition (C) as claimed in claim 1 , wherein the resin diluent (B) is 
conposed of 60 to 75 % by weight of the polyamide resin (b2) and 40 to 25 % by weight of the crystalline polyoiefin 

25 resin (b1), the total amounts of said components (b1) and (b2) being 100 % by weight. 

3. The long f tber-reirrforced polymer alloy resin composition (C) as claimed in claim 1 or claim 2. wherein the long fiber 
reinforcement (a2) is at least one inorganic fiber selected from the group consisting of a glass fiber, rock wool, a 
metallic fiber and a carbon fiber, and/or at least one fiber selected from the group consisting of all aromatic polya- 

30 mide fibers and alt aromatic polyester f it>ers. 

4. The long fiber-reinforced polymer alloy resin composition (C) as claimed in any one of claims 1 to 3, wherein the 
long fiber reinforcement (a2) is a glass fiber. 

35 5. The long fiber-relnfbrced polymer alloy resin composition (C) as claimed in any one of claims 1 to 4, wherein the 
resin diluent (B) is composed of 80 to 75 % by weight of the polyamide resin (b2) and 40 to 25 % by weight of a 
crystalline polypropylene resin (b1) containing a modified propylene crystalline polymer (b1 1). tiie total amounts of 
said components (b1) and (b2) being 100 % by weight. 

40 
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Fig. J A 




F / g. f B 
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